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Wireless Cojnmimioatioa System and Method Of Maximizing the Use of Connnucicatioa 

Signal Resource 

Field of the faventjon 

5 The current invention is generally related to wireless conaraunicatioii systems and 

methods, and more particularly related to the systems and methods of maximizing lie use 
of oommunication signal resowces such as frequencies and polarized waves. 

BACKGROUND OF THE INVENTION 

10 Among wireless commumcation systems, "wireless local loop (WLL) or fixed 

wireless access (FWA) are known for wireless subscriber access systems, As shown in 
Figure 8j via wireless commuoicatioii, a base station 1 that a telecommunication eateiprise 
places, commujaicates with a piyrality of gubscriber stations 2 at residential sites. Each of 
the siibsciiber stations 2 is connected to a local network (LAN) 3 for data coramuoioation- 

15 Purtheimore, tbe base station 1 is connected to other subscriber LANs for data 
commlmication via back-bone networks 4 such as public networks thnt axe connected to 
the base station 1. The base station 1 has a plurality of subscriber stations 2, and the multi- 
directional wireless fecility is caUed point-to-midti points (P-MP) SYSTEM. By. 
distributing a plurality of the above described base stations 1, a predetennined area is 

20 covered for providing wireless service to many subscriber stations 2, In order to efSciendy 
use the frequency resource, the same firequeacy must be r^eatedly used for the above 
communication such as automobile phones and hand-held wireless phones. However, to 
avoid interference, the same frequency has noi been used between adjacent base stauons. 

The above P-MP systetas generally utilize high firequencieis such as semi- 

23 millimeter waves or a millimeter waves. Since wireless commuriication is established via 
high efficiency antennas, the standards have been determined by AJRIB STD-TS9, 
According to tbe standard, the communication frequency utilizes die 26GHz-band or the 
38G-H2 band and the high efficiency antenna over 20 dEi at a subscriber station. For the 
above reasons^ directional ajiteanas such as parabolic antennas and sector antennas are 

30 used at the base station 1 to use the repeated fequency for in^dementing the high 
efSciency. By placing a plurality, of parabolic antennas at the base stations and directing 
them at a predetennined angle with each other, the horizontal directions are divided into a 
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pi'urality of sectors for implemeutrng the repeated frequency use for the high efficiency. 
As shown in. HOURE 9, the sector antenna itichides a ctrcular disk antenna base plate 10, 
which is divided into four sectors A through D "by an insulation plate 1 1 and an antenna 
element 12 at each of the foior sectors A through D for antenna directiomlity. The sectors 
5 A through D divide tb.e horizontal directions into fonr for the repeated frequency -use. 

In the subscriber wireless access system, the intezfereace between the sectors due 
to the repeated frequency use is avoided by the directional antenna 7 at the mobile 
subscriber station 2 that are included m each sector of the base station 1 , Japanese Patent 
publication Hei 10-42352 disclosed a method of forming cells in a wireless 

10 cormnunicaUon system in which a large area is covered by a plxaality of conunmiicatioa 
cells that are created by a pltirality of distributed base stations. The coiamvmioation service 
area is formed around the base station that is located at an approximate center of the 
consTOuuicatioii service area. According to the above disolosure, as shown in FIGURE 10, 
each base station B 1 through B4 has a commuaication service area as indicated by a 

15 hexagonal, and a separate frequency or channel for each antenna or sector is indicated by 
F 1 through F3 . In the above prior art, a common frequency is used for m sectors in a cell 
so that interference between sectors is avoided Using the above configuratidn, a 
subscriber station C 1 belongs to a sector that utilizes the channel F2 for the base station 
B2. The transmission paths of a subscriber station CI are indicated by arrows. The 

20 nearest bsse Station B4 has the highest probability for giviag or receiving interference with 
respect to the subscriber station CL The above described interference level due to -the 
same channel over one cell does not cause, a practical problem to maintain a predeteimined 
commuiucation quality. Howe:ver, the actual base station placement is not often according 
to a plan or an advajiced design due to suiroundiag environment and the procurement of 

25 the installation location. Because of the deviated actual plaoenaeat location of the base 
stations, interference may occur betvi^een thie cells. FIGURE 1 1 shows an example of the 
placement deviations of the base station B3 from an original instaUation location. The 
subscriber station C2 that belongs to a sector using the channel F2 of the base station B3 
possibly has interfersno© with a sector using the channel F2 of the adjacent base station 

30 B2. With the hexagonal cell configuration, at least three cells are necessary for cell 

expansion. At the saroe time, even if four chaaxnels are available^ it is difficult to use the 
four chanaeis in an efficient manner. For the above reasons, it is desired to provide a 
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wireless c032un\)cQicatjOn system having an iniplementable cell placement with af least two 
ohajmcis for preventing intsarference between adjacent ceils. 



SUMMARY OF THE INVENTION 
5 In order to solve ths above and other problems, according to a first aspect of the 

cwnreut inveation, a method of constructing wireless telecommumcation cells between "base 
stations and subscriber stations, the base stations each having a cell, the cell having a 
predetermined number of sectors, including the steps; dividing each of the cells into ioxa 
sectors around each of the base stations; assigning disrincT comnninication signals 
10 respectively lo the four sectors at each of the base stations so that a cojnmon one of the 
distinct communication signals is assigned to at least a pair of adjcsnt ones of the sectors 
of the conresponding two adjacent ones of ih.t cells; and transmitting the assigned distinct 
coimnunication singnals in each of the four sectors between the base stations and the 
subscriber stations in the coirespoading ceils. 



15 



According to a secoad aspect of the current invention, a wireless 
telecDinmiinication system, including: base stations for 'Wdielessly communicating via a 
predetercnined number of distinct conmumication signalE; four directional antennas located 
around each of the base statiocjs for receving and transmitting the distinct conim-unicaiton 

20 signals for the base stations, the four directional antennas collectively defining a cell for a 
corresponding one of the base stations, each of the four directional antennas singularly 
defining a sector for the coirespondiog ceil, at least a pair of adjceiit ones of the four 
directional antennas of the corresponding two adjacent ones of the base stations utilizing a 
common Ctjxc of the distinct communication signals; and subscriber stations located in the 

25 cell for wirelessly communicating with a corresponding one of the base stations on one of 
the distinct communication signals. 

According to a third aspect of the> cuneat iuveation, a wireless tslecommunication 
system, including: base statiosis for wireiessly communicating via four distinct 
30 commxmication signals; four directional antennas located around each of the base stations 
for receving and transmitting the four distinct commumcaiton signals for xh.& base stations, 
the four directional antexmas collectively defining a cell for a corresponding one of the 
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base statioas, each of the four directional aixtcmas singularly defining equal one fourth of 
the cell as a sector, a pair of adjcent ones of the foxiz directioxial antennas of the 
corresponding two ad^'aceat sectors of the base stations ■atilizing a common one of the fo\ir 
dis&ict coHamvinioation signals; and subscriber stations located ia the cell for wjrelsssly 
5 cojiim\micatiiig with a eorrespoading one of the base statioiis on one of the distinct 
commurdcatiQn signals. 

According to a fourth, aspect of the current invention, a wireless telecoaimvaucation 
sysiero, including: base stations for -wirelessly commuxdcating via four distinoT 

10 oommtmication signals; four directional antennas located around each of the base siations 
for recsvitig and traasmittlng the four distinct communicaiion. signals for Ae base stations, 
the fottr directional anteaaas collectively defining a cell for a corresponding one of the 
base stations, each of the four directional antennas singularly defining equal one fourth of 
the cell as a sector, foxir of adjcent ones of the tour directional antennas of the 

i 5 coiresponding fotir adjacent ones of the base stations utilizing a conunon one of the four 
distinct cortmnsnication signals; and subscriber stations located in the cell for wirelessly 
communicating with a coirespondiag one of the base stations on one of the distinct 
conmnmication signals. 

20 According to a fi^ aspect of tJie current invention, a wireless teiecommxinication 

system, including: base stations for Nvirelessly conumimoating via four distinct 
commutiication signals; four directional antennas located around each of the base stations 
for receving and transmitting the four distinct combinations of frequencies and polarized 
waves for the base stations, the four directional antennae collectively defining a cell for a 

25 coirespoiiding one of the base stations, each of the four directional antemiajs singularly 

defining equal one fourth of the cell as a sector, four of adjcent ones of the four directional 
antennas of the corresponding fow adjacent ones of the base stations utiiizing a common 
one of the four distinct combinations of the fire{jueacies and polarized waves; and 
subscribecT statioas located in the ceE for -wirelessly communicating with a corresponding 

30 one of the base statioas on one of the distinct conamunication signals. 
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Thes^ aad various other advantages and fearurss of novelty which oharacterize 
the invention are pomwd out with parcicularity in the claims aitinexed hereto and fommig a 
part hereof However, for a bettor understaodmg of the invention, its ad-vantages, and the 
objects obtained by its use, reference should be made to the drawings which forni a fur&er 
5 part hereof, and to the accompanying descriptive matter, in which there is illustrated and 
described a preferred erabodicxexit of the invention. 

J^nmV BESCRIFTIQN OF THE DHAWINGS 
FIGURB 1 is a diagram ilhstraiing a preferred embodiment of the wireless 
10 commtinicatioxi system according to the cnirent invention. 

FIGURE 2 is a diagram iilustratiEg a possibility for interference with other cells 
aromid other base stations in the above described cell placement arrangement- 

FIGUEE 3 is an exemplary placemejai of the base stations is deviated from the 
designed positiona of the preferred embodiment according to the corrent invention, 
1 5 FIGURE 4 is a diagram illustrating a second preferred embodimftnt of the 

wireless oomiaunicatioii system using the sector frequencies in the base station, according 
to the o\Jixenl invention. 

FIGURE 5 is a diagram iliustrating a third preferred embodiment of the wireless 
coEnmunication using the sector frequencies in the base station accordixig to the current 
20 inventioix. 

FIGURE 6 is a diagram illustrating a fourth preferred embodiment of the wireless 
communication system using the sector frequencies and alternate waves according to the 
ouixent invention. 

FIGURE 7 is a diagram illustrating a fifth preferred embodiiuent of the wireless 
25 communication using frequencies for sectors according to the current invention. 

FIGURE 8 is a diagram illustrating a wireless local loop (WLL). or fised wii-eless 
access (FWA) for wireless subscriber access systems. 

FIGURE 9 is 3 diagram illustrating a sector antcnaa, 

FIGURE 10 is a diagram illustratitig each base station has a communication 
30 sexvic* area as indicated by a hexagonal and a separate frequency or channel for each 
antenna or sector. 
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FIG'UKE 1 1 shows an example of the placemeat deviations of ihe ^ase smtdoa 
from aa original installation location. 



BET AILED DESCR IPTION OF THE PHEFERBED EMBODIMENTrs-) 
5 Refening now to the drawings, wherein like reference numerals desigixate 

coiresponding stxxictures throughout the views, and leferriiig in particiilar to FIGURE 1, 
a diagram illustrates a preferred embodiment of the wireless communication system 
according to the curreat iavaation. The diagram iLlustrates two-dimeDsional service areas 
for base statioxis Bl through B9 and frequencies Fl tbrough F4 that are used for each 

10 sector. Although the sectors are placed with respect to north, soum, east and west in the 
preferred embodiment, the sector placement is not limited to the above example, At the 
base station B 5. the frequencies Fl, F2, F3 and F4 are respectively Msed in a north-western 
sector, a south-eastern seotor, a north-eaateia sector and a sou-di-westsm sector. In the 
cells in the base stations B4 and B6 in the east and west directions of the cell B5, the 

15 fi-equencies of the east a»d west sides are switched in a mirror image. In other words, the 
base stations B4 and Eg each have a miixor sector arraixgeHient of tile base station B5 by 
switching the fi-eqnencies Fl and as well as frequencies F4 and F2. Similarly, in 
adjacent cells ia the north and south direotiOD of the cell B5, tlxe frequencies of the_ 
frequencies of the norfhem and southern sides are switched. In other words, the base 

20 stations B2 and B8 each have a mirror sector arrangement of the base station B5 by 
switching &e frequencies Fl and F4 as well as firequerujies F2 and F3. According to the 
above described rule for placing each ceH four, the adjacent sectors of the adjacent cells 
use a common firequency as indicated by a dotted circular line in FIGURE 1 . A fixed 
terminal station that is instalJed in each of the sectors does not interfere with other base 

25 stations by directing its communication signal to respective base stations. In other words, 
according to the above rule, sectors in tbs cells that are adjacent to the base station B5 in 
the north-eastern, north-westeia, south-eastern and south-westem directioas have ia 
frequencies in a mirror hnage along respective directions. 

In the subscriber wireless access- system, each of the fixed subscriber stations is 

30 required to have an antenna having over 20 dB accoidiiig to the ASJB STD-T59 standard. 
Directional anteima such as parabolic aatenaas are generally used. Since the above high 
efficiency antennas have narrow beam aisa, there is no interference among the four 
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adjacent sectors that use the same frequency. For exan^le, when ihe fixed subscriber 
station belonging to a sector usiog ihs frequency Fl in the cell of the base station B5 is 
directed towards tbe base station B5, there is no interference with the sectors using the 
frequency Fi in the cells of tiie base stations Bl, B2 and B4. 
5 Now referring to FIGURE 2, a possibility for interference with other cells around 

other bass stations is illustxated in the above described cell placement arrangement. A 
subscxibex station Cl belo3:^s to tlie sector using a frequency or oliannel F2 in a cell around 
iJie bas& station Bl. As indicated by arrows, the nearest sectors that are possibly interfered 
or that possibly interfers due to the coromon channel F2 at the subsciiber station Cl ^re 

10 sectors using the channel F2 in the cells of ibe base station B3. The above interference is 
o&used by the same direction of the antenna for the sector using the fequency F2 v*itii 
respect to the base station B3 as that of the antenna in the sector also using frequency F2 in 
the cell around the base station Bl. Because of the saaaae directionality, the both antennas 
around the base stations Bl and B3 receive die common transmission signal oa the djajmel 

IS F2 to cause some undesirable interference. On the other hand, althougb the sector Uses the 
frequency F2 in the cell around the base station B2, since the antenna for the frequency F2 
is directed towards the base station B2, die use of the channel F2 by the base station El 
causes no interference with base station B2. The above described interference is 
practically a non-issue siace the interference is not between the two immediately adjacent 

20 cells but across at lease on cell, Fuithennore, the actual base station placement is often not 
according to the theoretical design, and is aficected by factors such as suixounding 
environment and the procurement of the installment sites. 

Now referring to FIGURE 3, an ejcemplary placement of the base stations is 
deviated from The desigued positions of the preferred embodiment according to the current 

25 invention. No interference is observed for the single channel use between the two 
immediately adjacent base stations. Only a theoreticai possibility exists for interference 
between every oth^ cell. Fuxthennore, since the subscriplioa wireless access system 
accomplishes communication using sub-millimeter waves or millimeter waves, a fixed 
subscriber station antenna and a base station antenna have to be located so that no 

30" interfering .objects exist between them. However, du« to post-installment coastruotton 
such as a new building or a poat-instalknejit environmental change, liie transmission does 
QOt necessarily remain free from any interfering objects. In the above example, since three 
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other base stations thai sunomd a subsoiiber station use the same frequency, tlie 
subscriber station is likely to comiaujijcate with say of other base stations by changing xb.9 
direction of the subscriber station antenna without altering the coinmnnicaTion freqaency 
or chamiei. Th$ communicatioii cooivectivity is tos maintained by ihe above described 
5 . simple directional change of the subscriber statson antenna in response to an environmental 
change. 

Now referring to FIGURE 4, a diagram illustrates a second preferred embodiment 
of the xxfireless comrminication system using the sector firequencies in the base station 
according to the current invention. The fi-equenoies Fl through Fd axe used among the 

10 base stations Bl through B9. Al&ough north, south, east and west are used lo describe the 
relational positions in the second prefeired eiabodicaeiit, the placement in the second 
preferred embodiment is not limited to the above positional requirements. Around the base 
station B5, four sectors are designated as north, east, south and west, and each sector 
utilizes a predetermiaed frequency FI, F4, f 2 or F3 in the above enumerated position. M 

1 5 the adjacent cells that are located in the east-west direchons fiom the base station BS, the 
eastern and western sectors switch the frequencies. In other words, the base stations B4 
and B6 each have the sector anraagement in their cell that the sectors using -dxe frequencies 
P3 and F4 are switched in a mirror image. Similarly, in the adjacent cells in the nor* and 
south directions from the base station B5. the northern and southern sectors switch their 

20 frequencies. In other words, thc: base stations B2 and B8 each have the sector arrangement 
in their ceil that the sectors using tiae frequencies Fl and F2 are switched in a mirror 
image. According to the above rule, cells are arranged in the second preferred 
embodimeat. As indicated by a circular dotted haej a pair of adjacent sectors of the 
adjacent cells uses the same frequency. Fixed termiuai stations in each sector are directed 

25 towards a corresponding base station, and no interference occurs with other base stations. 
In other words, according to the above rule, the cells adjacent to the base station B5 in the 
north eastern, north western, south eastern and south western directions have a mirror 
image frequency airangement along respective direcnons. 

Referring to FIGURE 5, a diagram illustrates a third preferred embodiment of the 

30 -wireless communication using the sector frequencies in the base station accordiRg to the 
current invention. The frequencies Fl and F2 are used among the base stations B I through 
B9. At either of the frequeaaoies Fl and F2, vertically polarized waves V and horizontally 
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polarized waves H are combined. Although north, souih, east and west are used to 
desoribe tiis positional rfelador^, the third preferred embodiment is not limtcd to the abovs 
positional relations. At the base gtatioja B5, the c-ell is divided into four sectors iaciuding 
the north-westem, aorth-eastem, south-eastem and south-westera sectors, and the antennas 

5 are respectively directed toward the above four directions. TJie polarized frequencies FiV, 
F2V, FIH and F2H are respectively used la the above eniimerated fo-ur sectors. As 
described with respect to the first preferred embodiment^ the eastern arid western, sectors of 
fhe adjaoeat cells xxx the east-west directions are switched in a mirror image. Similarly, the 
northem and southern sectors of the adjacent ceUs in the aorth-sotitii directious are also 

10 switched in a mirror image, According to the above rule, as radicated by a circular dotted 
line, the adjacent sectors of the adjacent cells use tfie same frequency with the S2ime 
polarity. Fixed terminal stations in each, sector are directed towards a corresponding base 
station, and ho interference is observed with other "base stations- In other words, the cells 
■ adjacent to the base stations B5 in the north eastern; north western, sou^ eastera and south 

15 western directions each have a mirror sector arraAgement of the frequency and the polarity 
of tiie base station B5. alternatively, right-handed circular polarized waves and left-banded 
circular polariaed waves are used in lieu of the horizontal aod vertical frequency waves. 

Referring to FIGURE 6, a diagram illustrates a fourth preferred embodiment of the 
wireless communication system using the sector jfrcquencies and aiteroate waves according 

20 to the current invention. The frequencies Fl through F4 are used among base stations BI 
tihrough B9. At either of the frequencies Fl and F2, vertically polarized waves V and 
horizontally polari2ed waves H are combined. Although the sectors are described with 
respect to north, SOUth, east and west for their relative positions, the positional relations 
may be described in other relative terms. The relative positions of the verticaiiy polarized 

25 ■ waves V are the same as those of the first preferred embodiruent Assuming that the cefls 
are already expanded based itpon the first preferred embodiment, the base stations have 
four sectors using the vertical frequency waves V. "When a new base station is to be added 
in an existing cell, the position of the new base station ;$ at the same locatioa as that of the 
existing base station. For this reason, the new base station location is not indicated in 

30 FIGURE 6. At the new base station, a different horizontally polarized wave H is used to 
avoid interference with the existing base station. Furthermore, the fourth preferred 
embodiment has ^ sector fcquency aixangement in which the newly added base station 
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has th6 frequencies liiat are shifted by wo sectors in the counter clock wise direction from 
tb-ose of the existiiig base station, to avoid interference within the same sector by reversing 
the polarity or tbe shifted frequencies. Based the above described cells having sectors with 
certain fr&quesncies said polarized waves, the rule similar to the one used for the first 
5 preferred embodimeat is applied to the fottrtb preferred embodimeaT, As indicated by a 
dotted circular liae, since the adjacent secxors of the adjacent cells have the same Srequency 
and polarized waves and the fixed terminal statiooas in each sector are directed towards a 
corxcsponding base station, no interference is caused with other base stations. In other 
words, accordixkg to the current rule, the adjacent cells from the base station B5 in the 

10 northern, eastern, southern and western directions have the sector frequencies and • 
polarized waves that are a mirror image. of those of the base station B5, Instead of adding 
a base station, in an existing service area, two base sTaaons are placed m the same area 
from the beghming, and Ihe same results are also obtained. Although each of the above 
preferred embodiments uses two or four frequencies or channels in order to expand the 

15 cells, the distance between cells is farther increased for the single channel interference by 
combining the above preferred embodiments. 

Now refemng to FIGURE 7, diagrams illustrate a Mh preferred embodiment of 
the wireless cotamuoication using freqtiencies for sectors according to the current 
invention. The fiftii preferred embodiment has four sectors at a base station with distinct 

20 frequencies Fl, ?2, F3 and F4. The frequencies PI through F4 are placed.in the clockwise 
direction as shown in FIGURE 1 and have either of the following relations: F1<P2<F3<F4 
or F1>F2>F3>F4. Alternatively, the frequencies Fl through F4 are placed in the counter 
clockwise direction. It is desirable to have a large interference reduction factor (TRF) 
between adjacent sectors in the same cell. The frequency difference between the adjaceixt 

25 sectors is also made as large as possible. Assuming that the frequencies have the relation 
F1<F2<F3<F4, the sectors with the frequencies F2 and F3 becorae adjacent. Although 
there is no problem if the IKF value is sufficiently letrge between the sectors, the frequency 
resource is most efficiently utilized in the following maimer. According to ARIB-STD- 
T59, the frequencies are applied on a block basis where the usable frequency band is 

30 divided mto some blocks. As shown ia FIGXJRB 7(a), for each block, two channels are 

placed, hx a block 1, chaanels Fl and F2 are placed, and the block 1 and a. block 4 are 

used. Similarly, as shown in FIGURE 7(b), the frequency difference between the 

10 
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frequencies F2 and F3 is made larger than the diSereiice between the frequencies Fl and 
F2 or between the fiequeaacibs F3 and F4. The adjacent seoiois between the frequencies F2 
and F3 have a sufi&cienlly large IRjF. Thus, the adjacent sectors in tiie same cell are 
prevented from having interference. Funiiennore, when more than five channels are place 
5 din. a biocli, as show in FIGUEjB 7(c), spare channels F5 and F6 are provided between the 
frequencies F2 and F3 . 

As described above, by a certain unique cell placement for having a comcmon 
frequency and frequency wave among the adjacesnt sectors of the adjacent cells, the 
preferred embodiments of die wireless oomsaunication system according to the cnirent 
1 0 invention provide the cell expansion with at least two channels. Frntheraaore, the preferred 
embodiments of the wireless communicatioa systems catisc no sin^e irequency 
interfercjice arotmd the adjacent cells even when the cells are placed at some deviated 
position. 

It is to be nnderstood, however, that even though numerous chaiacTeristics and 
1 5 advantages of the present invention have been set forth in the foregoing description, 
together with details of the structure and function of the invention, the disolosure is 
iiltistrative only, and that although changes may be made in detail, especially in matters of 
shape, siae and arrangement of parts, as well as implementation in software, hardware, or a 
ooDobination of both, the changes are within the principles of the invention to the flill 
20 extent indicated by the broad general meaning of ihe terms in -evhioh the appended claims 
are expressed. 
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